The injured trauma survivor screen (ITSS) has been shown to predict posttraumatic stress disorder (PTSD) and depression risk at 1 month after traumatic injury. This study explored the ability of the ITSS to predict chronic distress after injury, as well as the impact of combining the ITSS with an additional screening measure.
T
here is mounting support for multidisciplinary and multifactorial approaches to both physical and psychological care of traumatic injury survivors. 1 Where medical care advances have addressed improving survival, attention is also now needed for factors related to a return to function following admission to the hospital for a traumatic injury. A primary contributor to postinjury quality of life is posttraumatic psychological distress. 2 Specifically, depression rates are reported to vary from 30% to 40% of trauma survivors, 3 and posttraumatic stress disorder (PTSD) rates are 20% to 30%, 4 although posttraumatic sequelae are not limited to these two disorders. 5 This presents a critical challenge for the field as it continues to improve upon how providers may identify and address the patient's needs in this domain.
Previous research has shown that while it is difficult to predict posttraumatic psychopathology following a traumatic injury event, both self-report and automated screening measures show significant promise. [6] [7] [8] [9] Underscoring the importance of these measures is the American College of Surgeons-Committee on Trauma's (ACS-CoT) recognition of the need to address mental health concerns and subsequent recommendation to screen for posttraumatic psychological distress following admission for a traumatic injury. 10 Previously published and available online (see User Guide, Supplemental Digital Content 1, http://links. lww.com/TA/B160), the injured trauma survivor screen (ITSS) is a brief self-report measure consisting of nine, yes/no questions, created for and normed on individuals admitted to the trauma service of a Level 1 Trauma Center. 6 Stepwise logistic regression was used to identify the items that were most predictive of PTSD (sensitivity, 75.00; specificity, 93.94) and a current major depressive episode (sensitivity, 75.00; specificity, 80.8) at 1 month postinjury.
At the institution in which the ITSS was created, it is currently being administered by the trauma service social workers as a part of routine care. It is the first step in the Multi-tier Approach to Psychological Intervention after Traumatic injury ([MAPIT]; Fig. 1 ). If an individual screens positive for either depression or PTSD risk (i.e., a total sum score of ≥ 2 on either subscale), a Best Practice alert is generated in the patient's electronic chart (or electronic medical record). At that point either a physician or an advanced practice provider ([APP], e.g., nurse practitioner or physician's assistant) may check a box to recommend inpatient consultation. Once a consult is placed, the inpatient trauma psychology service is alerted and conducts clinical assessment and intervention as appropriate. The clinical psychologists use a combination of an individual's risk score and clinical interviewing techniques to determine appropriate dissemination of psychoeducation, psychotherapeutic intervention, or referral to an appropriate provider if necessary.
With regard to outpatient follow-up, it is important to note that there is a great deal of historical scientific evidence for the efficacy and effectiveness of psychotherapy for mental health disorders generally, 11 although there is significant current debate about the superiority of any one approach. 12, 13 In fact, psychotherapy for PTSD is a first-line treatment recommendation from the National Center for PTSD.
14 Evidence is also mounting for the implementation of psychotherapy as an early-stage secondary prevention strategy, even in the acute aftermath of traumatic injury. 15, 16 To deliver these services at the institution in which the ITSS was created, there are currently two full-time psychology faculty employed within the Department of Surgery, Division of Critical Care and Acute Care Surgery. Supporting these full-time employees is one, full-time postdoctoral trauma psychology fellow, one rotating (i.e., 3 days per week) predoctoral psychology resident, and one part-time (i.e., 2 days per week) advanced psychology practicum student.
The purpose of the current study was to conduct a 6-month follow-up of the ITSS by evaluating sensitivity and specificity to predict 6-month PTSD and depression. The analyses presented herein are an extension of the 1-month postinjury analyses published by Hunt and colleagues; 6 therefore, it should be noted that the initial sample (i.e., those who completed assessments during their initial hospitalization) in the current study is identical to that of the previous publication on 1-month follow-up data.
To evaluate one other aspect of MAPIT, we included a measure of posttraumatic psychological distress in additional receiver operating characteristic (ROC) curve analyses. The PTSD checklist for the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) (PCL-5) is a routine part of our follow-up assessment conducted by psychology. Given that the ITSS questions patients on risk factors of posttraumatic distress, based on clinical experience, we hypothesized that adding a symptom-based measure to the analyses would likely enhance the sensitivity and/or specificity of PTSD prediction at 6 months postinjury. Should this tiered system of psychological care enhance risk prediction for this screening tool, it would inform the development of mental health services for trauma centers attempting to meet the recommendations of the ACS-CoT, as well as inform next steps after a positive screen.
METHODS

Participants and Study Design
The current study sample included adult injured trauma survivors admitted to a Level I Trauma Center in the Midwestern United States. The medical center institutional review board approved all measures and procedures before study initiation. To create the current sample, measurement data from two prospective longitudinal studies were combined. These studies had identical recruitment procedures, participant sampling population, and criteria for inclusion. Possible participants were a consecutive sample of adults identified via a daily trauma census, who were approached while in hospital for consent. Inclusion criteria included the following: (1) at least 18 years of age; (2) Glasgow Coma Scale score of 13 or higher upon arrival to the emergency department, and no evidence of moderate or severe brain injury; (3) injury was not self-inflicted; (4) ability to communicate; (5) English speaking. Participants were not required to have completed a clinical consultation with the inpatient trauma psychology service as a result of a positive screen; involvement in this study was determined independently from involvement in clinical assessment or intervention.
Data were collected for these studies between February 2014 and May 2016. Over that period, there were 2,359 admissions to the trauma service. Using the registry software, a report was run in the electronic medical record using the inclusion criteria for these studies, except for language (i.e., English speaking) because that variable was unavailable in the registry for inquiry.
Based on this inquiry, approximately 1,957 admissions would have been viable candidates for participation in this study. All participants (N = 401) were enrolled during initial hospitalization and administered the ITSS and the PCL-5 while on the inpatient trauma/critical care service.
The Clinician Administered PTSD Scale for DSM-5 (CAPS-5), and the Center for Epidemiological Studies Depression Scale, revised version (CESD-R) were administered by graduate and postdoctoral level mental health professionals approximately six-months after injury. Retention between hospitalization and follow-up was 51.9%, yielding a 6-month follow-up sample of N = 208. Of these participants, six individuals were excluded due to missing data, leaving an analytic sample of N = 202. For a subsample (n = 11 in one sample; n = 19 in the other sample) of the CAPS-5 administrations, a team member who did not complete the live interview listened to an audio recording and double scored the interview, and agreement at the level of diagnosis was 100%.
Difference Testing
Several tests were conducted to assess for differences between those who completed the study and those who dropped out. The χ 2 test of independence was used for categorical data, the likelihood ratio test was used for nominal data, and the MannWhitney U test was used for skewed data.
ROC Curve Analyses
Receiver operating characteristic curve analyses were run on two subsamples of the full analytic sample: one sample for the PTSD risk analyses and one sample for the depression risk analysis. For all ROC curve analyses, the prevalence rate used in the developmental sample (i.e., 1-month follow-up) was chosen to calculate the negative predictive value (NPV) and positive predictive value (PPV) at 6-month follow-up. Given that disease prevalence, as it relates to prediction, refers to the probability of a disease being present before an intervention is administered, there is concern for elevated prevalence rates due to exclusionary criteria used in each subsample (i.e., removal of nonsymptomatic participants who have received intervention following their injuries; described in detail below).
PTSD Risk Analyses
The three ROC curve analyses that assessed risk for PTSD (i.e., the ITSS PTSD analysis, the PCL-5 analysis, and the combined PTSD risk analysis) excluded 56 participants who met at least one of the following criteria: (1) they experienced at least one additional, potentially psychologically traumatic event since their injury; and/or (2) they received mental health intervention since hospitalization and did not meet criteria for DSM-5 PTSD at follow-up. (Note: Those individuals who were in treatment, but remained symptomatic, were not excluded.) This resulted in a final analytic sample for the PTSD analyses of n = 146.
The optimal cut score for the ITSS PTSD scale, obtained via the Youden's J index generated by the ROC curve analysis in the developmental sample, was found to be 2 or higher. To maintain consistency between the developmental study and the current study, the same cut score was utilized to determine the sensitivity and specificity of the ITSS PTSD scale at 6-month follow-up. Participants were coded as PTSD risk negative (0) if their total sum score on a scale was equal to 0 or 1; those having a total sum of 2 or greater were coded as risk positive (1) .
A separate ROC curve analysis was run on the PCL-5. Again, the Youden's J index was used to identify an optimal cut-score by which to classify individuals as PTSD risk negative (0) or risk positive (1), according to this symptom measure. This cut score was then used to determine the sensitivity and specificity of the PCL-5 at 6-month follow-up.
The ITSS PTSD scale and the PCL-5 risk classifications were then merged to form the combined PTSD risk categorization. Specifically, those who were coded as PTSD risk positive on both the ITSS PTSD scale and the PCL-5 were coded as risk positive (1); those individuals who were PTSD risk negative on one or both of these measures were coded as risk negative (0). Sensitivity and specificity were then determined based on the binary classification of individuals as risk positive or negative.
Depression Scale Analysis
The ROC curve analysis that assessed risk for depression (i.e., the ITSS Depression analysis) excluded 24 participants who had received mental health intervention since their hospitalization and did not meet criteria for DSM-5 depression diagnosis, resulting in a final analytic sample for the depression risk analysis of n = 178. (As with the PTSD sample, those individuals who were in treatment for depression, but remained symptomatic, were not excluded.)
The optimal cut score for the ITSS Depression scale, obtained via the Youden's J index in the developmental sample, was found to be 2 or higher. Again, to maintain consistency with the developmental sample, this same cut score was used to determine the sensitivity and specificity of the ITSS Depression Scale at 6-month follow-up. Participants were coded as depression risk negative (0) if their total sum score was equal to 0 or 1, and those with a total score of 2 or greater were coded as risk positive (1).
Measures
The ITSS
The nine-item ITSS is a screening tool used to identify risk for the development of PTSD and depression in individuals who have experienced a traumatic injury. A detailed description of ITSS scale development and initial validation can be found in a previous publication. 6 Four unique items contribute to risk assessment for PTSD and depression independently, and one item applies to risk for both. Items use a yes/no response format to assess pre-, peri-, and post-traumatic risk factors. The ITSS has been shown to perform well at 1 month postinjury to identify those at risk for posttraumatic distress (sensitivity, 75% for PTSD and depression; specificity, 93.9% for PTSD, 95.5% for depression). 17 is a 20-item measure assessing PTSD symptoms as outlined by the DSM-5. Respondents are asked to indicate on a scale of 0 (not at all) to 5 (extremely) how much they have experienced each symptom since their injury (i.e., over the last 6 months). This measure has shown excellent internal consistency, as well as convergent and divergent validity. 17 Internal consistency for the current sample was α = 0.96.
CAPS-5. The CAPS-5 18 is a clinical interview that provides symptom scores for frequency, intensity, and severity, as well as an algorithm for PTSD diagnosis. It is widely considered to be the best available diagnostic instrument for PTSD, and has demonstrated strong internal consistency, 19 interrater reliability, and diagnostic reliability. 20 Internal consistency for total symptom severity in the current sample was α = 0.95.
Depression
The CESD-R 21 is a 20-item assessment of depression symptoms, to which respondents indicate how often they have been bothered by each symptom on a scale of 0 (not at all/less than 1 day) to 4 (nearly every day for 2 weeks). This measure yields a total severity score, which has shown good internal consistency in a previous study using a large community sample. Internal consistency in the current sample was α = 0.95. Additionally, use of a diagnostic algorithm (as outlined by the authors of the CESD-R) for major depressive disorder has shown similar diagnostic rates as large, epidemiological studies of depression. 22, 23 The current study used this diagnostic algorithm to identify those participants who met criteria for a major depressive episode.
RESULTS
Descriptive Statistics and Demographics
Descriptive statistics are presented in Table 1 Average time from injury to the completion of the initial assessments (i.e., during hospitalization) was 3 days (SD, 2.40); completion of the follow-up assessments were, on average, 6.5 months after injury (SD, 36.44 days). At the follow-up visit, 29.20% (n = 59 of 202) of participants met criteria for PTSD based on their CAPS-5 assessment and 19.80% (n = 40 of 202) met criteria for a major depressive episode based on their CESD-R assessment. Of those diagnosed with PTSD, over half (55.93%; n = 33 of 59) had comorbid depression, indicating a significant relationship between the two disorders (χ 2 (1) = 68.51, p < 0.001, φ = 0.582).
There was a significant relationship between race and PTSD diagnosis (χ Of those who met criteria for PTSD, 13.90% (n = 28 of 202) experienced another traumatic event since their injury. Twenty-eight percent (n = 56 of 202) received mental health treatment at some point during the six-month follow-up period. Specifically, 11.9% (n = 24 of 202) received psychotherapy, 8.9% (n = 18/202) were taking psychotropic medication, and 6.9% (n = 14 of 202) had both.
ROC Curve Analyses
ROC curve analysis for the ITSS PTSD subscale (n = 146) was conducted with 32.88% (n = 48) of this sub-sample meeting criteria for DSM-5 PTSD at 6 months. A prevalence rate of 28.7% was used, as that was the rate of PTSD in the one-month sample which yielded a sensitivity of 85.42%, and NPV of 91.9%. ROC curve analysis of the PCL-5 administered at baseline was then run on this same sample, yielding a Youden's J index of 16 or greater. A final ROC curve analysis was run on the combined PTSD risk group (0, no risk, only ITSS PTSD risk positive, only PCL-5 risk positive; 1, both ITSS PTSD risk positive and PCL-5 risk positive). In the final combined PTSD risk group (i.e., ≥ 2 on the ITSS PTSD subscale and ≥16 on the PCL-5), the specificity was 81.63% and PPV was 61.6%. ROC curve analysis for the ITSS Depression Subscale (n = 178) was then conducted with 22% (n = 40) of the subsample meeting criteria for a major depressive episode, as measured by the CESD-R, and the 1-month prevalence rate of 20% was used. All prediction indices for ROC curve analyses are presented in Table 2 .
DISCUSSION
This study extended the clinical utility of the ITSS as a first-tier assessment to identify those at risk for PTSD and depression after traumatic injury, rather than relying on measures of acute distress alone. In this sample, the ITSS demonstrated strong sensitivity as a stand-alone screening tool (85.42%, n = 41 of 48) for the development of PTSD 6 months posthospitalization when it was administered acutely after injury. This was an increase from the one-month sensitivity (75.00%) found in the sample on which the data were normed. 6 With regard to predicting a major depressive episode 6 months postinjury, the sensitivity of the ITSS (72.50%, n = 29 of 40) was comparable to the sensitivity for prediction in the 1-month sample (75.00%). For first-tier screeners, higher sensitivity is preferable to specificity, as it implies more false positives, rather than false negatives, and retains the potential for intervention. While symptom measures provide provisional diagnostic information, they tend to be longer and yield lower sensitivity, as was the case in this study. This is due in large part to differing postinjury trajectories of psychological recovery, with many who endorse acute distress no longer meeting diagnostic criteria after an initial period of recovery and vice versa. [24] [25] [26] Still, addressing specificity is critical for many reasons, including health care costs and the need for efficiency. While the specificity for the ITSS PTSD subscale was not as strong (67.35%, n = 66 of 98), and decreased from the 1-month sample (93.94%), this statistic can be increased (81.63%, n = 80 of 98) when combined with a brief, standardized questionnaire of acute stress. In this study, the PCL-5 served as a simple analogue for assessment by a trained mental health professional, although it is only one component of the third tier of MAPIT (Fig. 1) . A comprehensive psychological follow-up allows for consideration of many other aspects of patients' psychosocial and hospital experiences that can impact their mental health prognosis and inform treatment decisions. A primary example of such an experience is spending time in an ICU. While an ICU stay has been shown to negatively influence posttraumatic injury recovery, the severity of the impact can be ameliorated via psychological follow-up. 27 While the specificity of the ITSS for predicting depression (70.29%, n = 97 of 138) was also lower than in the one-month sample (95.50%), unfortunately a symptom-based assessment for depression was not administered during initial hospitalization. Therefore, it is yet unclear whether adding such a measure would improve specificity of the ITSS Depression scale.
Although it is simple to deliver questionnaires to patients, administration and interpretation of mental health assessments, such as the PCL-5, is most credible when completed by trained mental health professionals. Accurate interpretation facilitates the relevant dissemination of psychoeducation and informs appropriate interventions. For example, the National Center for PTSD states that "interpretation of the PCL-5 should be made by a clinician." 28 This highlights the utility of having a trained mental health staff member involved with the care of a traumatic injury survivor after initial screening, rather than relying solely on often overburdened medical providers to bolster their training in mental health.
Nevertheless, the ITSS was designed to be administered by any member of a hospital trauma service. At our facility, it is administered by social workers; however, it could also be administered by willing nurses, students, or APPs. Thus, the completion of this screen (and the first and second tiers of MAPIT) requires no additional full-time employees. Consultation and interpretation is then provided in subsequent tiers by an inpatient trauma psychology service. Fourth-tier bedside intervention and outpatient interventions are delivered by the inpatient and outpatient trauma psychology services, respectively. Notably, the outpatient trauma psychology service is housed within the outpatient surgery clinic, and therefore is also available for brief assessment and intervention to the trauma surgery outpatients who express psychological distress when they present to clinic for follow-up.
Limitations and Future Directions
The limitations of this study include that a subset of this six-month sample is comprised of participants included in the 1-month developmental sample; certain exclusion criteria may limit cross-cultural applicability; a measure of early depressive symptoms was not given; the effects of different interventions were simply controlled for by removing those who reported receiving either psychotherapy or pharmacotherapy and no longer met criteria for PTSD or depression; and there was a relatively small sample size, due in part to a retention rate of approximately 50%. This study cannot be considered a true validation study, limiting the generalizability of this measure as it included participants from the development sample, and there was a significant rate of dropout.
Cross-validation studies are needed to test for validity across trauma center level gradations and in populations demographically different from those on whom the study was created. These studies will also need to include individuals that are non-English speaking. Although the PCL-5 was given at baseline, no equivalent symptom evaluation of depression was completed, and thus a parallel study of improving the ITSS depression risk prediction with a symptom-based measure could not be done. Additionally, validation studies will need larger sample sizes that follow individuals beyond this six-month timeframe. Future research will enhance prediction models, such as this one, through the use of biomarkers and by including the effect of sociocultural risk factors on the human stress response. Additionally, although further research is needed to reliably predict the benefits of electronic methods of data collection (e.g., smartphone or online survey) on participant retention, 29 these methods may be particularly helpful in addressing the attrition of younger individuals and enhance confidence in study conclusions.
The 9-item ITSS (see User Guide, Supplemental Digital Content 1, http://links.lww.com/TA/B160), which takes approximately 5 minutes to administer, is a stable screening tool for predicting those most at risk for PTSD and/or depression following an acute injury event. The combined PTSD risk group data provide evidence that symptom evaluation by a psychologist would increase the probability of correctly identifying those likely to develop posttraumatic psychopathology. These results help to further inform the recommendation of the ACS-CoT regarding PTSD and depression screening in trauma centers. AUTHORSHIP J.C.H. contributed to the study design, data collection, data analysis, data interpretation, writing, and revision. S.A.C. contributed to data analysis, data interpretation, writing, and revision. K.B. contributed to data interpretation, writing, and revision. T.A.d-C. contributed to the study design, data collection, data analysis, data interpretation, writing, and revision.
certain to ask about when we are conducting our psycho-social evaluations. It is definitely a factor.
As far as interventions, there is some empirical evidence for the early dissemination of exposure-based psychotherapy being done in the ED by Barbara Rathbaum and colleagues. We're currently doing our own pilot of that study.
Beyond that, we typically kind of just triage these individuals to our outpatient clinic if necessary. As most of you know, the shift from acute stress disorder to post-traumatic stress disorder is kind of just based on duration, has it lasted more than 30 days?
That being said, the ICD-11 is moving away from calling acute stress a disorder and I will circle back a little bit on that in just a minute.
Dr. deRoon-Cassini has actually published a paper on injury severity and post-traumatic psychological outcomes and what she found is that there is no link between injury severity and post-traumatic stress disorder or depression but that rather it is the individual's perception of their injury. So injury severity perception is predictive where injury severity by itself is not.
Let's see. I think in terms of retention rate, it is something that we are always working on. It is something we strive to increase all the time. And it's a struggle in this population.
Our lab has worked hard and has achieved a 60 percent retention rate in other studies and we see that as a victory. I absolutely think that can impact our findings. I think it's possible, then, that we end up with somewhat biased outcomes.
But I think, to counter that would be that typically our rates of PTSD are consistent across our studies, our study designs and other trauma centers that are doing the same thing.
So we see essentially a, what may be a representative level of post-traumatic stress and depression in this population.
I think in terms of the types of trauma, again, I think it's going to come down more to the individual's perception and other risk factors.
Methodologically we use the clinician-administered PTSD scale. It's kind of the gold standard interview. In the field it's what we use.
And when we go through we ask participants to answer based on an index trauma. So based on the event that led to your hospitalization, X-Y-and-Z.
And that's how we conduct our interviews to try to make sure that we're reducing any kind of like confounds that could be from the fact that we're in an urban area and there are a lot of individuals who grow up in very stressful environments, very chronically stressed individuals, another area that we're trying to branch out and study and understand better is how that plays a role for this population.
And I can roll that all into the next one which is essentially, yes, so the type of injury -assaultive versus non-assaultive or essentially penetrating injuries have a much higher rate of PTSD.
The interpersonal nature of those traumas, specifically, puts people at much greater risk for post-traumatic stress. And we see a way higher rate among those individuals. And, again, working on a manuscript in that area.
